Objectives: To determine patient characteristics associated with achieving and sustaining blood pressure (BP) targets in the Adherence and Intensification of Medications program, a program led by pharmacists trained in motivational interviewing and authorized to make BP medication changes. Methods: We conducted a retrospective cohort study of patients with diabetes and persistent hypertension in Kaiser Permanente and the Department of Veterans Affairs. Using two-level logistic regression, baseline survey data from 458 program participants were examined to determine patient characteristics associated with (1) discharge from the program with a target BP (short-term success) and (2) maintenance of the target BP over a nine-month period (long-term success). Results: In multivariable analyses, patients who screened positive for depression or had a higher baseline systolic BP were less likely to achieve short-term success (adjusted odds ratio (AOR) 0.42 [95% confidence interval (CI): 0.19-0.93], p ¼ 0.03; AOR 0.94 [0.91-0.97], p < 0.01; respectively).
Introduction
Achieving and sustaining adequate blood pressure (BP) control is critically important for adults with diabetes. For example, in the UKPDS study, achieving mean systolic BP (SBP) levels of 144 mm Hg (vs. 154 mm Hg) led to an absolute risk reduction of 24% in diabetes complications over 10 years, an effect two times greater than intensive blood glucose control. 1 Consequently, countless quality improvement programs and health system interventions have targeted improving SBP. A range of intervention approaches have achieved impressive short-term BP results (i.e. significant reductions during and/or at the conclusion of the intervention). [2] [3] [4] [5] [6] In recent years, however, as more researchers examine whether short-term gains are sustained in the absence of maintenance programs, it has become evident that many patients do not sustain improved BP levels after quality improvement programs and interventions finish. [7] [8] [9] These findings for BP are consistent with a systematic review of 72 diabetes self-management interventions by Susan Norris et al. that found that while many different diabetes self-management support strategies lead to improvements in mean HbA1c levels among participants, without followup, mean HbA1c improvements diminished to clinical insignificance within six months of intervention completion. 10 An important lesson from recent evidence is that for many adults with diabetes improved risk factor control achieved through participation in targeted programs will not be sustained without follow-up support. 8 Understanding patient characteristics associated with failure to achieve short-term improvements in risk factor control as well as to sustain any improvements will inform program efforts to address modifiable patient characteristics to improve both patients' short-term and long-term success in maintaining good BP and other risk factor control. While numerous cross-sectional studies have explored factors associated with BP medication adherence and control, [11] [12] [13] this question has been little examined longitudinally in the context of interventions seeking to improve risk factor control. Accordingly, using data from a cohort of hypertensive adults with diabetes who participated in a clinical pharmacist-led program to improve SBP levels (the results of which have been previously published), 14 we conducted an exploratory cohort study to evaluate:
(1) What patient characteristics are associated with being discharged from a pharmacist-led program with medication adherence issues addressed and achievement of a target BP?
(2) For those who are discharged with a target BP, what baseline patient characteristics are associated with being able to maintain the target BP over the longterm (over a nine-month period, from 90 to 365 days after discharge)?
Methods
Previously, we conducted a prospective, multi-site cluster-randomized effectiveness study in three Veterans Affairs (VA) and two Kaiser Permanente (KP) facilities. Sixteen primary care teams (three sites with two intervention teams and two control teams and two sites with one intervention team and one control team) were randomized to the Adherence and Intensification of Medications (AIM) program -a program led by clinical pharmacists trained in motivational interviewing-based behavioral counseling approaches and authorized to make BP medication changes -or to usual care. During the intervention period, 945 diabetic patients (with baseline persistent poor BP control and poor medication refill adherence or no evidence of medication intensification) had one or more encounters with a program pharmacist. (See Supplemental File for additional details about eligibility.) The study was approved by Institutional Review Boards at each of the study sites. Details on the original study are published elsewhere. 14, 15 
Survey administration
Eligibility for the intervention was determined quarterly. A study survey was mailed to patients immediately after eligibility was determined each quarter, approximately one to two weeks prior to the distribution of that quarter's eligibility list to the AIM pharmacist. The survey was administered using a modified Dillman method. 16 For the current cohort study, we restricted the sample of survey respondents to those patients on the eight intervention teams who were actually contacted by a pharmacist to participate in the program and agreed to participate.
Survey design
The 10-page survey was constructed by a team with extensive survey development experience and used many well-validated scales, as described below. Newly developed (or modified) questions and scales were pretested with patients and revised as needed prior to use.
Variables
Dependent variables. Our first dependent variable was whether a patient achieved shortterm success as a participant in the AIM program. Short-term success was defined as being discharged from the AIM program with pharmacist documentation that all medication adherence issues had been addressed and achievement of the target BP. The target BP was defined as <135/80 in VA and <130/80 in KP; this could be by home measurement, with a strict protocol, or by clinic measurement. Patients were excluded if they were lost to follow-up, declined further participation in the program, or were enrolled in the program for six or more months without making further progress. The second dependent variable was whether patients who achieved short-term success were able to maintain this success long term. Long-term success was defined as maintaining an average SBP <135 in VA and <130 in KP during a nine-month period after discharge from the program. (BPs were from sites' usual electronic databases. BP values obtained in the ER, urgent care, inpatient, and surgery departments were excluded.) The nine-month period was from 90 to 365 days after discharge.
Patients who did not have any BPs recorded in the nine-month period were excluded from further analyses.
Independent variables. Our conceptual model (Figure 1 ) illustrates concepts and patient characteristics captured in our survey or automated data that we hypothesized might be associated with short-term and long-term BP success. These are described in detail below.
Patient activation, self-efficacy, barriers, and self-monitoring. We assessed patient activation using the Patient Activation Measure (PAM) developed by Hibbard et al. 17 This measure assesses an individual's knowledge, skill, and confidence for selfmanagement. We modified the questions in this measure to include a neutral category. Patients indicated their level of agreement with statements using a five-point Likert scale (1 ''Strongly disagree'' to 5 ''Strongly agree''). Responses on items were rescaled from 1-5 to 0-100, and an activation score was calculated by averaging the responses on the answered items. A score of 100 represented the highest activation level. The scale had high reliability (Cronbach's alpha ¼ 0.88).
We assessed a patient's competence or self-efficacy level using the Perceived Competence Scale (PCS). 18 The PCS is a validated four-item scale that measures how competent or able patients perceive themselves to be with respect to managing and controlling BP. Although the original PCS uses a seven-point response scale (1 ''Not at all true'' to 7 ''Very true''), to be consistent with other questions included in the survey, we used a five-point scale (1 ''Strongly disagree'' to 5 ''Strongly agree''). Reponses on items were rescaled from 1-5 to 0-100, and a score was calculated by averaging responses (minimum of two questions had to be answered). A score of 100 represented the highest competence level. The scale had high reliability (Cronbach's alpha ¼ 0.91). We created an index, containing 10 items, of issues that might keep patients from taking their medication as prescribed, based on prior literature on key factors contributing to poor medication adherence 19, 20 (see Table 1 ). Responses ranged from 1 ''Not At All'' to 5 ''Very Often.'' A score, ranging from 10 to 50, was calculated by summing the responses to the 10 items (all items had to be answered). A score of 10 indicated that a patient reported no barriers to taking medications as prescribed.
Finally, we asked a single question to assess how often a patient checked their BP during an average week (responses ranged from 1 ''Less than once a week'' to 5 ''Twice a day or more'' OR 0 ''I do not check my blood pressure at home''). We then collapsed responses 1-5 to create a variable that indicated whether a patient did any home monitoring or not.
Clinical indicators. Several survey and electronic medical record items were used as clinical indicators: general health status, depressive symptoms, and perceived BP severity or complexity. To assess perceived general health, patients answered the following well-validated general health status question, from the SF-36, 21 to rate their overall health: in general, would you say your health is 1 ''Excellent'' to 5 ''Poor.'' For depression, we measured depressive symptoms using the validated Patient Health
Questionaire-2 (PHQ-2). 22, 23 Patients rated how often they had (1) been bothered by little interest or pleasure in doing things or (2) been bothered by feeling down, depressed, or hopeless over the last two weeks. Patients answered the questions using a four-point response scale, from 0 ''Not at all'' to 3 ''Nearly everyday.'' A score was calculated by summing the responses to the two questions (range: 0-6); a score of 3 indicated a positive screen for depressive symptoms. The scale had moderate reliability (Cronbach's alpha ¼ 0.76). Finally, from electronic medical record data, we included two measures of BP severity/complexity. First, we used the total number of BP Table 1 . Potential medication adherence barriers.
In the past three months, to what extent has each of the following issues kept you from taking your blood pressure medication as prescribed? % of patients indicating the barrier was an issue (i.e. selected something other than 'Not at all an issue') Demographics and other characteristics. Along with demographics and site of care, we included two other patient characteristics that might be associated with BP success: health literacy level and decision-making style. We used a single validated screening question, developed by Chew et al., 24, 25 to examine whether a patient had inadequate health literacy. Patients were asked: ''Many people have difficulty reading and filling out forms when they go for medical care. How confident are you filling out forms by yourself?'' Responses were on a five-point scale from 1 ''Extremely'' to 5 ''Not at all.'' We asked a single question to determine what decisionmaking style a patient was most comfortable with. The five responses ranged from: 1 ''I leave decisions about treatment up to my health care provider'' to 5 ''I make the final decision with little input from my health care provider''). 26, 27 Analyses Using bivariate analyses, we first examined associations between patient characteristics and short-term success (i.e. achieving the target BP). A two-level multivariable logistic regression model was then constructed (accounting for clustering of patients within teams) to further examine the independent association between a patient characteristic and short-term success, adjusting for other patient characteristics. Variables with a p-value 0.2 in the bivariate analysis were included in the logistic regression model. Long-term success was examined similarly. (Note: Age, gender, race, and site of care were included in all models, regardless of their association with success in bivariate analyses.) We examined collinearity among the predictors using the variance inflation factor (VIF) and detected no significant multicollinearity. All analyses were performed using STATA11.1 (Stata, College Station, Texas, 2010). The average percent of missing cases for variables was 3%.
Results
Overall, 945 patients had one or more encounters with an AIM pharmacist (see Figure 2 for flow diagram). Of the 554 patients (range of patients per site: 89-160) returning a baseline survey, 96 met further exclusion criteria (discharged because of a diastolic BP<60, were on maximum medications, or the programmed ended) and were not included in any analyses. Of the 458 eligible patients with survey data, 399 (87%) achieved target SBP levels by the end of their participation in the program; 63 of the 399 patients with short-term success did not have BP measurements recorded in the nine-month period after discharge and therefore were excluded from the long-term success analyses. As compared to those with BPs in this nine-month period, those without BPs in this period were more likely to be male (79% vs. 66%; p < 0.05); we found no other differences in demographics or prior SBP level between these groups.
Of the 336 patients achieving short-term success and having BP measurements in the nine-month follow-up period, 95 (28%) achieved long-term success. Of note, 75% (180/241) of those patients who were not able to maintain (i.e. achieved short-term success, but not long-term success) did have a lower mean SBP in the nine-month followup period than in the nine months prior to eligibility for the study; however, these SBPs were no longer at or below the target levels of 135 for VA and 130 for KP.
The baseline characteristics of all patients are described in Table 2 . For the overall sample (N ¼ 458), the mean age was 65.7, 61% were white, the majority were male, and 56% had more than a high school education. Patient characteristics associated with achieving short-and long-term success, in bivariate analyses, are also reported in Table 2 .
Short-term success model
In the final multivariable model examining short-term success (being discharged from the AIM program with medication adherence issues addressed and achievement of a target BP), patients with higher baseline SBPs were less likely to achieve success (adjusted odds ratio (AOR) 0.94 [0.91-0.97]; p < 0.01) as were patients who screened positive for depressive symptoms on the PHQ-2 (AOR 0.42 [0.19-0.93]; p ¼ 0.03). No other variables were independently associated with short-term success in the multivariable model (see Table 3 ).
Long-term success model
In the multivariable model examining longterm success (maintaining the target BP during a nine-month period after discharge), patients who reported at baseline one or more barriers to medication adherence were less likely to achieve long-term success ( 
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Discussion
Among this cohort of hypertensive diabetes patients who participated in a clinical pharmacist-directed intervention to improve BP control, almost 90% achieved SBPs at or below target levels by the end of their participation in the program. Only 28% (95/336), however, maintained these good levels in the nine-month period after the program's conclusion. These findings reinforce the importance for many patients of providing maintenance support to help them sustain gains achieved through participation in more intensive programs. Whereas several studies have found, on average, continued better BP control among hypertensive patients who participated in an intervention compared to control patients, even in these trials large numbers of patients who had achieved BP improvements did not maintain them after the end of the intervention. 7, 8 In our study cohort, reporting at baseline one or more barriers to medication adherence, less than a high school education, being female, and being African-American were each independently associated with not sustaining BP improvements achieved through the program. While reporting depressive symptoms at baseline was associated with failure to achieve target BPs by the end of the program, baseline depressive symptoms were not associated with lack of longer-term maintenance of target BP levels among those who initially achieved target BP levels. Our findings build on numerous studies that have examined cross-sectional associations between patient characteristics and adherence to BP medications and/or good BP control. [11] [12] [13] [28] [29] [30] [31] Multiple studies have found that African-American patients and patients with less formal education on average have greater odds of having worse BP control. [11] [12] [13] 28, [30] [31] [32] The association of these patient characteristics and reported barriers to medication adherence with lack of longerterm BP control -but not with achievement of target BP levels by the end of participating in the intervention -suggests that the pharmacists were able to help patients address the barriers they faced to achieving good BP control during the program but not after the program ended.
Our study found that baseline depressive symptoms were associated with failure to achieve shorter-term BP; this may be because of poorer antihypertensive medication adherence in these patients that we were not able to fully capture in our model. 33, 34 Our study protocol recommended that the pharmacists screen patients for depression at the first visit using the PHQ-2. If a patient screened positive, the pharmacist was to recommend that they talk with their Primary Care Physician (PCP). A recent randomized controlled trial found that an intervention among patients with poorly controlled diabetes, coronary heart disease, or both and coexisting depression providing guidelinebased, patient-centered management of depression and chronic disease significantly improved both control of medical disease and depression. 35 The lack of an association between baseline depressive symptoms and persistence of achieved gains is in line with another recent study that found that baseline depressive symptoms were not associated with long-term control of BP, A1c, and LDL control among adults with diabetes. 36 Possibly patients' depressive symptoms resolved over time either because of additional care they received to address their depressive symptoms or because their situations changed. The reason for this pattern of results requires further investigation.
Our study had several limitations. First, our study focused on patients who had adherence problems at baseline or who did not receive medication intensification recently. These patients may be different from patients with poor BP control but who have not had medication management problems. Second, our analysis focused only on those patients who returned a survey and had follow-up BPs available. That could raise concerns that we captured more motivated participants in the intervention, and patients who do not return for follow-up care would be those more likely to have missing BP values and may also be those with worse BP control. However, although we only surveyed a subsample of eligible patients, the long-term success rate in the overall population of our study was similar to those included in this analysis. Third, the exact duration of BP maintenance varied for each patient. The shortest possible duration being 90 days and the longest duration 365 days. Finally, our conceptual model was based on available data only. We were unable to examine other potentially relevant patient characteristics such as patient comorbidity because these data were not available in our study dataset.
In this study, reporting at baseline barriers to adherence was associated with lack of long-term success. Such barriers could be the target of maintenance programs for patients who achieve short-term success with an intensive intervention. For example, mechanisms should be put in place to proactively reach out to patients who initially report barriers to medication adherence -perhaps through automated telephone or some other health information technology outreach, [37] [38] [39] to assess whether any adherence barriers have recurred. Additionally, patients with other characteristics associated with difficulties with long-term success could be targeted for similar maintenance programs.
The hallmark of patient-centered care is to deliver care that patients need and want in ways that improve their outcomes. Programs such as AIM take both a population-based and patient-centered approach to care delivery. However, in order to truly improve outcomes, improvements will need to be sustained over time. We are only just beginning to learn for whom maintenance is key, and how best to deliver such maintenance in cost-effective, sustainable ways.
